Researchers see algae as a promising tool to discover both efficient and safe agents for pain therapy. We evaluated the antinociceptive and anti-inflammatory activities of lectin from the marine alga Pterocladiella capillacea lectin (PcL). PcL was purified and tested in classical models of nociception and inflammation. Male Swiss mice received PcL 30 min prior to receiving 0.8% acetic acid (10 m ml/10 g, i.p.), 1% formalin (20 m ml/intraplantar) or the hot plate test, and were compared to untreated animals or animals pretreated with indomethacin or morphine. PcL (0.9, 8.1 or 72.9 mg/kg, i.v.) significantly reduced the number of writhes (30%, 39%, and 52%, respectively). PcL (72.9 mg/kg, i.v.) also reduced (pϽ Ͻ0.05) both the first and second phases of the formalin test by 58% and 87%, respectively. However, PcL (72.9 mg/kg) did not present significant antinociceptive effects in the hot plate test when compared to morphine, suggesting that its antinociceptive action occurs via peripheral rather than a central-acting mechanism. It was also observed that leukocyte migration was induced by carrageenan (500 m mg/cavity) in male Wistar rats and that PcL (8.1 mg/kg, i.v.) significantly reduced neutrophil migration by 84%, as compared to untreated animals, suggesting inhibition of inflammatory mediators. The data indicated that PcL has peripheral actions with both anti-inflammatory and antinociceptive properties.
Pain is an important symptom of inflammatory disease, and is the primary reason why patients pursue specialized treatment. Commercially available analgesic and anti-inflammatory drugs exert a wide range of side effects. However, considering that pain therapies from natural sources date back thousands of years owing to a variety of painful conditions and inflammatory injuries, studies aimed at discovering new compounds of natural origin with potential therapeutic effects and minimal side effects have been pursued vigorously. 1) It has been proposed that inflammatory pain mediators should be classified in two groups: direct activators of nociceptors and nociceptor upregulators that directly sensitize the nociceptors. Therefore, considering both these mechanisms of nociceptor activation (excitation and upregulation), it is possible to define some classes of peripheral analgesics. 2) Lectins are proteins and glycoproteins that bind selectively and noncovalently to carbohydrate residues.
3) The main characteristic of this class of protein is their ability to interact specifically with carbohydrates and to combine with the glyco-components of the cell surface. 4) As a consequence of these properties, they are involved in many biological processes, including host-pathogen interactions, cell-cell communication and induction of apoptosis, cancer metastasis and differentiation, targeting of cells, and recognizing and binding carbohydrates. 5) Lectins have been studied in almost all living organisms, especially in land plants, 6) although the first report on the occurrence of lectins from marine algae was related by Boyd et al. 7) In general, algal lectins have a lower molecular mass than higher plant lectins and have no affinity for simple sugars, being more specific for complex oligosaccharides, often glycoproteins. 8) Some algal lectins have been detected and isolated from algae, such as Solieria filiformis, 9) Enantiocladia duperreyi, 10) Pterocladiella capillacea, 11) Vidalia obtusiloba, 12) Gracilaria cornea, 13) and Gracilaria ornate. 14) Compared to plant lectin, there are few biological reports on the use of marine algal lectins. For example, lectin from Amansia multifida algae exhibited mitogenic activity for human lymphocytes. 15) After the ovoposition period, it was also found that the lectin of G. cornea significantly reduced the female weight of the cattle tick (Boophilus microplus), the egg mass weight, the hatching period, and the mean larvae survival time.
13) Leite et al. 14) observed that lectin from G. ornata incorporated in the artificial seeds of Vigna unguiculata and significantly affected the development of Callosobruchus maculates larvae, indicating the possibility of using this lectin as a biotechnological strategy for insect management of stored seeds. Furthermore, Griffin et al. 16) demonstrated the use of Codium fragile lectin conjugated to colloidal gold as a new histochemical reagent. The lectin from the alga Solieria filiformes inhibited the growth of pathogenic bacterial cells. 17) More recently, some studies using lectins of marine algae have shown analgesic and anti-inflammatory effects. 18, 19) Recent trends in drug research from natural sources have shown that algae are promising organisms for the development of novel biochemical active compounds. Among the different classes of compounds with remarkable biochemical activity, lectins of algae origin have emerged as an important class of bioactive natural products. 20) Thus, the aim of the present study was to investigate the antinociceptive and antiinflammatory activities of the lectin purified from the red marine alga Pterocladiella capillacea in animal models.
RESULTS AND DISCUSSION
The P. capillaceae lectin (PcL) was isolated from P. capillacea with 25 mM Tris-HCl buffer (pH 7.5) and then purified by diethylaminoethyl (DEAE)-cellulose and affinity of crosslinked guar gum chromatographic procedures. The presence of the PcL on the fractions obtained was determined by a hemagglutinating assay using rabbit erythrocytes enzymatically treated with trypsin, whose activity was inhibited by the glycoprotein mucin (1.25 mg/ml) test according to the method of Oliveira et al. 11) Overall, plant lectins are regarded as proteins possessing at least one non-catalytic domain, which binds reversibly to a specific mono-or oligosaccharide, and they are subdivided into 'merolectins', 'hololectins', 'chimerolectins', and 'superlectins'. Specifically, hololectins consist of a di-or multivalent carbohydratebinding domain and contain at least two identical or very homologous sugar-binding domains that bind either the same or structurally similar sugar(s).
3) PcL showed visible agglutination of erythrocytes suggesting membership in this family. In this study, the antinociceptive effects of PcL were evaluated by procedures previously described.
1) The writhes resulting from intraperitoneal injection of acetic acid (0.8%) in mice, consisting of a contraction of the abdominal muscle along with a stretching of the paw, were recorded within 30 min. It is known that acetic acid acts indirectly by inducing the release of endogenous mediators sensitive to nonsteroidal antiinflammatory drugs and opioids, 21) therefore, both central and peripheral analgesics can be detected. Figure 1A shows the effect of pretreatment (intravenously (i.v.)) with PcL (0.9, 8.1 or 72.9 mg/kg) 30 min before the acetic acid injection; a significant and dose-dependent analgesic effect on the writhing response was observed, of 30%, 39%, and 52%, respectively. The lack of specificity in writing assays requires caution in interpreting the results until other tests have been performed. Nevertheless, a good relationship exists between the potencies of analgesics and their clinical potencies. It has been reported that several mediators such as kinin, acetylcholine, substance P, and prostaglandins (PGs) take part in visceral pain model nociception 22) and transmission of nociception from the viscera. 23) In fact, acetic acid causes an increase in peritoneal fluid levels of PGE 2 and PGF 2 , involving, in part, peritoneal receptors 24) and causing inflammatory pain by inducing capillary permeability. 25) The pretreatment of mice using 5 mg/kg s.c. injection of both morphine and indomethacin as positive controls caused a significant analgesia of writhes of 97.5% and 40.5%, respectively (Fig. 1B) . The morphine effects were antagonized by naloxone (2 mg/kg). Furthermore, to confirm the lectin action, PcL (72.9 mg/kg) was incubated with its hapten (mucin 1.25 mg/ml), or preheated at 80°C for 10 min. In both situations, the PcL effects were reverted, suggesting that the observed analgesia was due to the PcL. Moreover, mucin, administered alone to animals, did not modify the nociceptive response induced by acetic acid.
It is thought that the most predictive measure of acute pain is the formalin test, which causes a local tissue injury to the paw. Therefore, it has been used as a model for tonic and localized inflammatory pain. 26) Intraplantar injection of 1% formalin evokes a characteristic biphasic licking response: an early phase corresponding to acute neurogenic pain sensitive to drugs that interact with the opioid system, and a late phase corresponding to inflammatory pain responses, which is inhibited by analgesic-anti-inflammatory drugs. 27) In this study, we can see from Fig. 2A that PcL exerted inhibitory effects during both phases of the formalin response. In the first phase, PcL (0.9, 8.1 or 72.9 mg/kg), used 30 min before formalin injection, caused a significant and dose-dependent analgesia of the licking time of 38%, 48%, and 58%, respectively. It has been suggested that the early phase is due to a direct effect on nociceptors and that prostaglandins do not play a predominant role during this phase. 27) In the second phase, PcL at the same doses caused a significant and dosedependent inhibition of licking time of 49%, 79%, and 87%, respectively, thus suggesting central and peripheral sites of lectin action. It has been suggested that the late phase seems to be an inflammatory response with inflammatory pain that can be inhibited by anti-inflammatory drugs. These data are in accordance with those of other authors who have shown that drugs that act primarily as central analgesics inhibit both phases, although peripherally acting drugs are not as good as central analgesics, therefore inhibiting the late phase more. 27) In fact, the authors observed that injections of morphine or indomethacin caused significant inhibition of the early-phase by 63% and 33%, respectively, whereas these drugs also inhibited (pϽ0.05) the late-phase by 73% and 43%, respectively, when administered 30 min before formalin-induced nociception (Fig. 2B) . Once again, to confirm the lectin action, PcL inactivated by incubation with mucin or heating to 80°C, lost its analgesic effect on both phases. Thus, these overall results suggest multiple action sites of PcL. Because the hot plate is a specific central antinociceptive test in which opioid agents exert their analgesic effects via supra spinal and spinal receptors, 28) and considering the results of this study, the hot plate test was selected to be used to evaluate a possible central antinociception via supra spinal and spinal receptors for the PcL analgesic effect. Although morphine caused a significant increase in the latency for mice licking the paw when compared to the control group, PcL did not significantly modify the latencies compared to the saline or indomethacine controls (Fig. 3) . The same trend was observed for the values at 45, 60, and 90 min after administration of the PcL. These data suggest that the antinociceptive effects of PcL (72.9 mg/kg) occur via peripheral rather than central-acting mechanisms.
In addition, we investigated the PcL effects in two models of acute inflammation, neutrophil migration and paw edema, both induced by carrageenan. Carrageenan is a polysaccharide widely used to induce an acute inflammatory response in experimental animals, as it induces the release of different inflammatory mediators, such as histamine, bradykinin, prostaglandin, and superoxide anions.
29) The use of carrageenan as an irritant agent to induce rat paw inflammation was introduced by Winter et al., 30) becoming one of the most popular methods for drug testing and evaluation of new anti-inflammatory therapies. 30, 31) It has been observed that carrageenan injected into the peritoneal cavity or into the subplantar area causes peritonitis or paw edema, as a result of neutrophil migration or permeability enhancement, respectively. Thus, Fig. 4A suggests that PcL has anti-inflammatory activity against neutrophil migration, similar to the dexamethasone group.
To verify the PcL effect when compared to dexamethasone (1 mg/kg), an important steroidal anti-inflammatory drug (that shows a significant anti-edema capacity from the first hour to the fifth appraised hour), the paw edema model was used. Thus, Fig. 4B shows that PcL was capable of significantly reducing the edema induced by carrageenan, but was less active when compared to the dexamethasone group, from the first hour to the fifth appraised hour. Generally, neutrophil migration during an inflammatory response results mainly from the release of inflammatory mediators by resident cells which inducing the rolling and adhesion of neutrophils on endothelial cells followed by their transmigration to the extravascular space. 32) As a result of this study, we suggest the possibility that the anti-inflammatory activity of PcL occurs in the initial phase of inflammation, during the rolling or adhesion of the neutrophils.
In addition, when PcL (8.1 mg/kg, i.v.; the dose at which PcL showed an anti-inflammatory action) was used daily for 7 d, no animal mortality was observed. No significant mass variation or wet kidney and liver weight were seen, and no biochemical alterations, evaluated by seric dosages of urea or TGO and TGP transaminases, respectively, were observed 832
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Fig. 2A. Effect of PcL on Formalin Test in Mice
The licking time was determined during the first 5 min (1st phase), and during the next 20-25 min (2nd phase) after 1% formalin injection in mice. PcL (0.9, 8.1 or 72.9 mg/kg), or saline were given i.v. 30 min before formalin. Data are expressed as meansϮS.E.M of six animals for each group. * pϽ0.05 indicates significant difference from the saline group # pϽ0.05 indicates significant difference between PcL groups (ANOVA; Bonferroni's test).
Fig. 2B. Effect of PcL on Formalin Test in Mice in Different Controls
The licking time was determined during the first 5 min (1st phase), and during the next 20-25 min (2nd phase) after 1% formalin injection in mice. Thirty minutes before the formalin injection, mice received i.v. saline or PcL (72.9 mg/kg), mucin (1.25 mg/ml), mucin (1.25 mg/ml) with PcL (72.9 mg/kg) and PcL 80°C/10Ј. Morphine (5 mg/kg) or indomethacin (5 mg/kg) were given s.c. Another group of animals was pre-treated with naloxone (2 mg/kg) 15 min before morphine (5 mg/kg) or PcL (72.9 mg/kg) administration. Data are expressed as meansϮS.E.M of six animals for each group. * pϽ0.05 indicates significant difference from the saline group, # pϽ0.05 indicates significant difference between PcL with or without naloxone groups and * * NS indicates no significant difference between mucin with or without PcL and PcL 80°C/10Ј (ANOVA; Bonferroni's test).
( Table 1) . Similar results were observed with lectin from red seaweed Hypnea cervicornis. 19) In conclusion, the present study shows that PcL was able to inhibit inflammatory hyperalgesia in classical pharmacological tests, suggesting that this lectin from red marine alga has both important peripheral anti-inflammatory and antinociceptive properties deserving further investigation.
MATERIALS AND METHODS

Marine Alga
The red marine alga P. capillacea (S. G. GMELIN) SANTELICES & HOMMERSAND (Gelidiaceae, Rodophyta) was collected from Pacheco Beach (Fortaleza, Ceará State, Brazil). After collection, the material was cleaned of epiphytes, washed with distilled water, and stored at Ϫ20°C until use. A voucher specimen (35.140) was deposited in the Herbarium Prisco Bezerra, Federal University of Ceará, Brazil.
Animals Male Swiss mice (20-25 g) and Wistar rats (160-180 g) from the Animal House of the Federal University of Ceará were used, maintained on a 12-h light/dark cycle in temperature-controlled rooms, and received water and food ad libitum. All procedures and animal treatments were conducted in accordance with the guidelines for Institutional Animal Care and Use of the Federal University of Ceará, Brazil, previously approved by the 45/06 protocol.
Acquisition of the P. capillacea Lectin The P. capillacea lectin (PcL) was purified following the protocol described by Oliveira et al., 11) with some modifications. To purify the lectin, the algae was ground to a fine power under liquid nitrogen and stirred continuously for 4 h with two volumes of 25 mM Tris-HCl buffer, pH 7.5 (TB). The mixture was filtered through nylon, and centrifuged at 6000ϫg for 20 min at 4°C. The crude extract obtained was applied to a DEAE-cellulose column (13.5ϫ1.6 cm), equilibrated and eluted with TB. After elution of unbound proteins and pigments using TB, adsorbed proteins were eluted from the gel using TB that contained 0.5 M NaCl. Fractions containing hemagglutinating activity were pooled and further purified by affinity chromatography on a column (13.5ϫ1.6 cm) of cross-linked guar gum equilibrated with TB. After removing the unabsorbed material, the bound proteins were eluted from the column with 0.02 M glycine buffer, pH 2.6. The active fractions were pooled, dialyzed, freeze-dried, and submitted, and the protein concentration was determined.
33) The degree Values are expressed as meansϮS.E.M. Student t-test for unpaired values. PcL, alanine amine transferase (ALT) and aspartate amine transferase (AST). a) After 7 consecutive days of treatment with polysaccharides or saline, mice were weighed, blood samples were collected for biochemical dosage followed by sacrifice by cervical dislocation, and the organs' wet weights were taken. of purity of the fractions that presented hemagglutinating activity was appraised for native discontinuous and denaturant electrophoresis according to the Laemmli method. The gels were prepared with 12% polyacrylamide in 3 M Tris-HCl buffer, pH 8.9, in the absence and presence of 0.1% sodium dodecyl sulfate (SDS), respectively. The samples and patterns were prepared in Tris-HCl, pH 6.8, in the absence and presence of 1% SDS and in the presence of 10% b-mercaptoethanol. To reveal the protein bands, the blue picrateCoomassie method was used as described by Stephano et al. 34) Hemagglutinating Activity Test The hemagglutinating activity was assayed on fractions obtained during the purification process, as described by Benevides et al. 10) A series of protein fractions (0.1 ml) of 1 : 2 dilutions were made in glass tubes and mixed with 0.1 ml of 2% suspension of rabbit erythrocytes pretreated with trypsin. The mixture was incubated at 37°C followed by another period of 30 min at ambient temperature. The hemagglutinating title (UHϫml) was recorded as the reciprocal of the highest dilution capable of visible agglutination. The hemagglutinating effect of the lectin in the presence of its inhibitor sugar (1.25 mg/ml mucin) was also performed according to Oliveira et al. Analgesic Activity To test a possible antinociceptive effect of the PcL, three experimental tests were used: writhing, formalin, and the hot plate tests.
Writhing Test This test was performed according to Collier et al. 21) and used for the evaluation of analgesic activity. Seven groups (nϭ6) of mice received intravenous (i.v.) Saline (0.2 ml), PcL (0.9, 8.1, and 72.9 mg/kg), PcL (72.9 mg/kg) associated with mucin (1.25 mg/kg), denatured PcL alone (72.9 mg/kg), or mucin (1.25 mg/kg), respectively. After 30 min, animals received a 0.8% acetic acid injection (10 ml/kg, intraperitoneally, i.p.). The number of contractions or writhes, determined by abdominal muscle contractions and hind paw extension, was recorded for 30 min. Three more groups (nϭ6) of animals received 5 mg/kg of either morphine or indomethacine subcutaneously (s.c.) 30 min before the noxious stimulus, and naloxone (2 mg/kg) was injected 15 min before PcL (72.9 mg/kg, i.v.), and was used as a standard.
Formalin Test The method used for this test was similar to that described by Dubuisson and Dennis 26) and modified by Hunskaar et al. 35) Seven groups (nϭ6) of mice received i.v. Saline (0.2 ml), PcL (0.9, 8.1, and 72.9 mg/kg), PcL (72.9 mg/kg) associated with mucin (1.25 mg/ml), denatured PcL only (72.9 mg/kg) or mucin (1.25 mg/ml), respectively. After 30 min, a 1% formalin solution (20 ml) was injected into the right hind paw of the mice. The licking time was recorded after the first 5 min (first phase, corresponding to a direct chemical stimulation of nociceptors), and after 10 min (second phase, involving inflammation), for 5 min each time (20-25 min) . Three more groups (nϭ6) of animals received 5 mg/kg s.c. of either morphine or indomethacine 30 min before noxious stimulus, and naloxone (2 mg/kg) injected 15 min before the PcL (72.9 mg/kg, i.v.), and were used as standard.
Hot Plate Test This test was performed according to Eddy and Leimbach. 36) Mice were dropped twice on the heated plate (52Ϯ1°C), separated by a 30-min interval. The first trial familiarized the animals with the test procedure, and the second served as the control reaction time (licking the paw or jumping). Animals showing a reaction time greater than 10 s were discarded. Immediately after the second trial (control reaction time), four groups (nϭ8) of mice received saline (0.2 ml, i.v.), PcL (72.9 mg/kg, i.v.), morphine (5 mg/kg, s.c.) or indomethacin (5 mg/kg, i.p.) at a volume of 10 ml/kg. Reaction times were measured at time zero (0 time) and 30, 60, and 90 min after compound administration, with a cut-off time of 40 s.
Peritonitis Model Thirty-two male Wistar rats were housed in a temperature-controlled room and received water and food ad libitum for 2 to 3 d before the experiment. Animals were previously anesthetized and received PcL (8.1 mg/kg, i.v.), dexamethasone (1 mg/kg, s.c.) or saline (s.c.) 30 min before neutrophil migration stimulus. For this, carrageenan (500 mg/ml) or sterile saline (1 ml) was injected i.p. in the rats. Four hours later, animals were sacrificed, and the peritoneal cavity was washed with 10 ml of saline containing 5 IU/ml heparin. The peritoneal fluid was recovered and total and differential leukocyte counts were performed. The results were expressed as meansϮS.E.M. of the number of cellsϫ10 3 ml of peritoneal fluid.
37)
Paw Edema Model Groups of six animals each were used. Paw edema was induced by subplantar injection of carrageenan (500 mg/paw) in a final volume of 0.1 ml into the right hind paw of rats. 30) Animals were pretreated with PcL (8.1 mg/kg; i.v.), dexamethasone (1 mg/kg; s.c.) or saline (s.c.), in a volume of 10 ml/kg, 30 min before the carrageenan stimulus. Another group of animals only received saline as a negative control. The paw volume was quantified by measuring the volume displaced by the paw, using a plethysmometer (Ugo Basile, Italy) immediately before carrageenan stimulus (0 h) and at time 1, 2, 3, 4, and 5 h after carrageenan injection. 38) Systemic Evaluation of PcL in Mice Animals were weighed and injected i.p. daily with a single dose of P. capillacea (8.1 mg/kg) or sterile saline (0.9%) for 7 consecutive days. The body mass, survival rate, mucosa, eyes, hair, erection, scratching or licking of paws, freezing reactions and general overall behavior were evaluated. On the 8th day animals were again weighed, anesthetized with chloral hydrate (400 mg/kg, i.p.) and their peripheral blood was drawn for biochemical analysis (urea, alanine amino transferase (ALT), and aspartate amino transferase (AST) levels were determined). Subsequently, animals were killed by cervical dislo-cation and their liver, kidney and heart were removed and weighed. The wet weight of each organ was expressed as grams per 100 grams of body mass and compared to the saline-injected group (control). Blood chemistry parameters were determined by enzymatic and colorimetric tests.
Statistical Analysis The data are presented as the meansϮS.E.M. of at least six animals per group. Variance analysis (ANOVA) followed by the Bonferroni's test was used to compare means. Values of pϽ0.05 were considered to be statistically significant.
